L. dumoffii were present in 7% of 446 paired serum samples obtained from people with suspected legionellosis. Environmental isolates of this species have not been numerous compared with those of L. pneumophila. Whether this paucity of isolates for study is due to the actual scarcity of the organisms in the environment or insufficient culture methods remains to be seen.
All Legionella species have been defined by DNA relatedness measurements. With limited exceptions such as autofluorescence, hippurate hydrolysis (8) , and serologic testing (25) , routinely used phenotypic and biochemical tests are of little value in differentiating species.
Multilocus enzyme analysis is an alternative method for differentiating bacterial species and for distinguishing strains of the same species (19) . In a study of L. pneumophila by this method, Selander et al. (20) found 62 electrophoretic types (ETs) in 292 isolates and demonstrated the usefulness of multilocus enzyme electrophoresis for studying genetic relatedness among large numbers of Legionella strains.
Variation among strains of L. dumoffii has not been detected by serologic methods, although one phenotypic difference (the failure of one strain to produce browning of tyrosine-supplemented medium) has been reported (10 (6) .
Electrophoresis of extracts and development of enzyme activity. With some modifications, the 11% horizontal starch gels, buffer systems, and protocols for developing enzyme activity were those described previously (19, 20 pneumophila were scored in order of increasing anodal migration by using the same mobility scale for the two species. The absence of a band was scored as zero and interpreted as no activity in that enzyme. Because enzyme mobility scoring is somewhat subjective, some interlaboratory variability is expected in ET assignments for a large set of isolates. For this reason, when available, one representative strain of each ET from the study of Selander et al. (20) was tested in our system. However, the ETs assigned for the representative strains in that study are not the same as the numbers assigned in this study.
DNA hybridization. DNA from L. dumoffii NY-23 (type strain) was isolated and purified as described previously (6) and and 75°C (a stringent condition for DNA reassociation) as described previously (6) Wk is the weight assigned to the kth locus and is defined as follows:
where XkI is the frequency of the lth allele at the kth locus over the 58 ETs. This weighting scheme assigns less weight to differences representing the more variable loci. These distance values were clustered and displayed as a dendrogram by using the unweighted pair group method with arithmetic averages (UPGMA) (21) and CLUSTAN 1C (26) . The genetic diversities (hk) for each locus within each species were calculated as follows (20) :
where XkI is defined above and n is the number of ETs (5 for L. dumoffii and 53 for L. pneumophila).
RESULTS
Enzyme diversity. Of the 20 enzymes tested, only esterase 2, indophenol oxidase, 3-hydroxybutyrate dehydrogenase, leucine aminopeptidase, and esterase 3 showed diversity in 29 strains of L. dumoffii. Of these 20 enzymes, 18 showed diversity in 53 strains representing 53 ETs of L. pneumophila, with only glutamic-oxalacetic transaminase and alanine dehydrogenase being monomorphic (Tables 2 and 3) . Although glutamic-oxalacetic transaminase and alanine dehydrogenase were nonvariable within each species, the mobilities for L. dumoffii and L. pneumophila differed from each other. The L. pneumophila strains used represented the majority of ETs reported previously (20) . Although the mobility assignments for L. pneumophila in our study were different from those of Selander et al. (20) , the enzyme diversity for L. pneumophila was similar except for the enzyme unidentified dehydrogenase. L. pneumophila strains originally found to be null for this enzyme (20) The test for brown pigment gave positive results for 26 of the strains, while SU7 and SU9 (ET Dl) were negative along with the previously reported strain Wadsworth 81-782A (10). SU7-SU8 and SU9-SU10 were dual isolates taken from each of two patients and were originally separated on the basis of small or large colony size. In each case the small colony type was negative.
Oxidase reactions for L. dumoffli were marginally positive (+) when compared with the positive controls Pseudomonas fluorescens and L. pneumophila OLDA. By using BCYE medium, 21 L. dumoffii strains were oxidase negative and eight were marginally positive. These eight were SU11 in ET Dl; Quebec-2, -3, -5, -6, and -7 in ET D2; NY-23 in ET D4; and Tuscon-2 in ET D5. Growth on charcoal-yeast extract medium gave 20 oxidase-negative and nine marginal strains. These nine were Quebec-2, -5, -6, and -9, D88, and D569 in ET D2; Tex-KL in ET D3; and Tuscon-2 and D301 in ET D5.
DISCUSSION
Biochemical testing of Legionella strains has provided only limited discriminating capability. Hippurate hydrolysis has been used to separate L. pneumophila from other Legionella species (12) , and blue-white autofluorescence narrows identification of L. dumoffli to 7 of the 24 species (3, 8, 25) . Blue-white autofluorescence was observed for all the L. dumoffii strains that we studied.
Biochemical results for these 29 strains of L. dumoffii were homogeneous and in accord with published information (5, 8) , except for browning on tyrosine agar and oxidase reaction. Edelstein and Pryor (10) reported one L. dumoffii isolate that failed to produce browning of tyrosine-supplemented medium and described this as a stable characteristic that persisted after monthly passage of the strain on alphaketoglutarate-supplemented BCYE medium over a period of (Fig. 1) , which gives a graphic and numerical representation of enzyme and, in turn, ET differences. The measure of dissimilarity as the genetic distance between the two species, as expressed in the dendrogram (Fig. 1) , was 0.932, of a maximum of 1.00. Reciprocally, this can be expressed through DNA hybridization studies (a measure of similarity), the results of which show that there is approximately 12% relatedness of L. dumoffii NY-23T and Tex-KL to labeled L.
pneumophila Philadelphia 1T (7, 13) .
In the collection of isolates used in our study, the species L. dumoffii can be separated from the species L. pneumophila based on the mobilities of alanine dehydrogenase or glutamic-oxalacetic transaminase, since both enzymes are constant within each species and the mobilities are distinct (Tables 2 and 3) . A total of 292 strains of L. pneumophila were tested, with both of these enzymes remaining constant over a wide divergence of isolate types which encompass a genetic distance of up to 0.54 (20) . DNA from strains of a given species that is 70% or more related by optimal DNA reassociation criteria usually exhibits less than 5% diversity in related sequences and retains 60% or greater relatedness under stringent DNA reassociation criteria (4). L. dumoffii strains representing all ETs were a single species by these criteria (Table 4) . Our DNA relatedness data agree with the earlier report of Brenner et al. (7) , who found NY-23 and Tex-KL to be 90% interrelated.
Although this appears to be the largest number of L.
dumoffii isolates studied to date, this collection is neither large nor was it randomly gathered. The majority represents outbreaks in two hospitals, and these are grouped into ETs Dl and D2. Using multilocus enzyme electrophoresis, we were able to recognize and group the outbreak strains to their respective hospitals. Results of restriction enzyme analysis of DNA also allowed isolates from ET Di to be placed into their own group, separate from two of the isolates within ET D2 (22) .
As more L. dumoffii isolates become available, a more complete evaluation of within-species diversity will be possible.
